
A review.  Most antifolate drugs are efficiently transported by the reduced-folate carrier (RFC).  However, several also bind with high 
affinity to the α-isoform of the folate receptor (α-FR) and there is evidence to suggest that this transport mechanism may contribute 
to their activity when the receptor is highly overexpressed or when the extracellular folate concn. is very low.  In particular, the 
presence of the α-FR on tumor cell lines sensitizes them to brief exposures to ZD9331.  Nevertheless, it is the ubiquitous expression 
of the RFC in normal tissues that reduces patient tolerability to antifolate drugs.  The overexpression of the α-FR in some epithelial 
tumors and its restricted distribution in normal tissues suggests an opportunity for the development of antifolates specifically targeted 
at α-FR overexpressing tumors.  Potent cyclopenta[g]quinazoline-based inhibitors of thymidylate synthase (TS) were discovered with 
high and low affinity for the α-FR and RFC, resp.  This class of agent is represented by CB300638 (TS Ki=0.24 nM) that displays high 
potency (IC50.apprx.3 nM) for A431-FBP cells (transfected with the α-FR) and KB cells (constitutive overexpression).  Importantly, 
this activity is .apprx.300-fold higher than for α-FR neg. cell lines such as A431.  In mice bearing the KB tumor xenograft the authors 
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 The extent of synergy with irinotecan/capecitabine appears to be tumor-dependent and independent of the status of p53 
expression.  The potential impact of the preclin. results on clin. practice for the use of these drugs in combination needs 
clin. validation.

5-Fluorouracil (5-FU) and capecitabine alone and in combination with irinotecan/oxaliplatin are clin. active in the treatment of colorectal 
and other solid tumors.  Studies of the antitumor activity and toxicity of capecitabine or irinotecan alone and in combination with each 
other, were compared with 5-FU and raltitrexed in human tumor xenografts of colorectal and squamous cell carcinoma of the head and 
neck using clin. relevant schedules.  Antitumor activity and toxicity were evaluated in nude mice bearing human colon carcinomas of 
HCT-8 and HT-29 and in head and neck squamous cell carcinomas of A253 and FaDu xenografts using the max. tolerable dose of 
single-agent capecitabine, 5-FU, or raltitrexed, or each of the drugs in combination with irinotecan.  Mice were treated with capecitabine 
and irinotecan alone or in combination using 2 different schedules: (1) capecitabine orally once a day for 7 days and a single dose of 
irinotecan (50 mg/kg i.v.), with each drug alone or in combination, and (2) capecitabine orally 5 days a week for 3 wk and irinotecan 50 
mg/kg (I.V. injection) once a week for 3 wk, with each drug alone or in combination.  For comparative purposes, the antitumor activity 
of single-agent capecitabine, 5-FU, or raltitrexed, or each drug in combination with irinotecan was carried out at its max. tolerated dose 
(MTD) using a 3-wk schedule.  Results indicated that HT-29 and A253 xenografts were de novo resistant (no cure) to capecitabine and 
irinotecan alone at the MTD, whereas HCT-8 and FaDu xenografts were relatively more sensitive, yielding 10-20% cures.  The 
combination of irinotecan/capecitabine was much more active than either drug alone against all 4 tumor models.  The cure rates were 
increased from 0 to 20% in A253 and HT-29 xenografts and from 10-20% to 80-100% in HCT-8 and FaDu tumor xenografts, resp.  
Irinotecan/capecitabine had clear advantage over irinotecan/5-FU and irinotecan/raltitrexed in efficacy and selectivity in that they were 
more active and less toxic.
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Background & Aims: Butyrate, produced in the colon lumen, maintains mucosal cell homeostasis.  Poorly diffusible, its access is 
compromised in growing colon cancers and absent in distant metastases.  Butyrate regulates DNA synthesis.  We postulated that 
systemic administration of butyrate should reduce colon cancer growth and enhance 5-fluorouracil (5-FU) efficacy.  Methods: A stable 
deriv. of butyrate (3n-But) was used.  The antitumoral efficacy of 5-FU and 3n-But, alone or combined, was evaluated in human 
colorectal cancers (hCRCs) s.c., orthotopically, or intrasplenically grafted into nude mice.  Thymidylate synthase (TS) and thymidine 
kinase (TK) mRNA expression, proliferation, apoptosis, and cell cycle alterations were studied.  Results: In vivo, 5-FU alone inhibited 
growth of only 3 of the 12 hCRCs tested and 3n-But alone had no effect; the 5-FU/3n-But combination inhibited growth of all 16 
hCRCs tested.  The hCRCs differed in their p53 and microsatellite instability status.  5-FU/3n-But decreased TK and TS mRNA 
expression by 20- and 40-fold, resp., and TS activity by 75%, stopped cell proliferation without affecting cell differentiation, and 
significantly enhanced apoptosis.  3N-But potentiated the efficacy of Tomudex and methotrexate, 2 TS inhibitors, but not that of 
oxaliplatin.  In vitro, 5-FU/3n-But inhibited [3H]thymidine but not bromodeoxyuridine incorporation and induced apoptosis in hCRC cell 
lines.  Cells treated with 5-FU/3n-But did not accumulate in G1 nor in S phase of the cell cycle, while 5-FU and 3n-But arrested the 
cycle in S and in G1 phase, resp.  3N-But prevented the cell rescue from 5-FU-induced cytotoxicity by uridine or thymidine.  
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Because thymidylate synthetase (TS) is a key enzyme in DNA synthesis, it has been used as a target for cancer chemotherapy.  We 
investigated the combined antitumor activity of raltitrexed, 5-FU and UFT on human tumor xenografts in nude mice and examd. 
changes in TS activity and 5-FU-bound RNA (F-RNA) levels.  Human gastric (SC-1-NU) or colon (HT-29) carcinoma xenografts were 
transplanted s.c. into nude mice, and drugs administered i.p. (raltitrexed and 5-FU) or perorally (UFT) daily for 5 days, and repeated 
once after a 2-day interval.  The antitumor effects were mostly equiv. between the treatment groups despite the different drugs and 
sequence orders.  TS inhibition rates correlated with the tumor inhibition rate, which was statistically significant, while F-RNA levels did 
not correlate with antitumor activity.  Our results indicated that the combination of fluoropyrimidine-related agents should be directed 
towards increased TS inhibition rather than increased F-RNA levels.
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have demonstrated localization of CB300638 to tumor and, more importantly, specific inhibition of TS in tumor and not in normal 
tissues.  Data supports the clin. development of this class of agent with the prediction that toxicity would be reduced compared with 
conventional antifolate drugs.  There are a no. of challenges to this development posed by the uniqueness of the compds. and these 
are discussed.
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Transforming growth factor α (TGF-α) is an autocrine growth factor for human cancer.  Overexpression of TGF-α and its specific 
receptor, the epidermal growth factor receptor (EGFR), is assocd. with aggressive disease and poor prognosis.  The EGFR has been 
proposed as a target for anticancer therapy.  Compds. that block ligand-induced EGFR activation have been developed.  ZD-1839 
(Iressa) is a p.o.-active, quinazoline deriv. that selectively inhibits the EGFR tyrosine kinase and is under clin. development in cancer 
patients.  The antiproliferative activity of ZD-1839 alone or in combination with cytotoxic drugs differing in mechanism(s) of action, 
such as cisplatin, carboplatin, oxaliplatin, paclitaxel, docetaxel, doxorubicin, etoposide, topotecan, and raltitrexed, was evaluated in 
human ovarian (OVCAR-3), breast (ZR-75-1, MCF-10A ras), and colon cancer (GEO) cells that coexpress EGFR and TGF-α.  ZD-1839 
inhibited colony formation in soft agar in a dose-dependent manner in all cancer cell lines.  The antiproliferative effect was mainly 
cytostatic.  However, treatment with higher doses resulted in a 2-4-fold increase in apoptosis.  A dose-dependent supra-additive 

 
Abstract
 

Antitumor effect and potentiation of cytotoxic drugs activity in human cancer cells by ZD-1839 (Iressa), an epidermal growth 
factor receptor-selective tyrosine kinase inhibitor.     Ciardiello, Fortunato; Caputo, Rosa; Bianco, Roberto; Damiano, Vincenzo; 
Pomatico, Grazia; De Placido, Sabino; Bianco, A. Raffaele; Tortora, Giampaolo.    Cattedra di Oncologia Medica,  Universita degli Studi 
di Napoli Federico II,  Naples,  Italy.    Clinical Cancer Research  (2000),  6(5),  2053-2063.  Publisher: American Association for 
Cancer Research,  CODEN: CCREF4  ISSN: 1078-0432.  Journal  written in English.    CAN 133:275993    AN 2000:401145    
CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

 
Bibliographic Information
 
Answer 6:

The GADD153 gene is strongly transcriptionally activated by many types of cellular injury and the magnitude of the change in 
GADD153 expression is proportional to the extent of damage.  We developed a novel reporter system in which a chimeric gene contg. 
the GADD153 promoter linked to the coding region of an enhanced green fluorescent protein (EGFP) gene was stably integrated into 
the genome of a clone of UMSCC10b head and neck carcinoma cells.  Activation of the exogenous GADD153 promoter was quantified 
using flow cytometric measurement of EGFP expression following drug exposure.  The exogenous GADD153 promoter in this clone 
was activated by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in a concn.-dependent manner with kinetics that closely paralleled 
perturbation of cell cycle phase distribution.  EGFP expression was strongly activated by a variety of genotoxic agents including DNA 
crosslinking and methylating agents, oxygen free radicals, DNA intercalator, UV and γ-radiation and hypoxia.  When grown as a 
xenograft in nude mice, the stably transfected clone also demonstrated dose-dependent EGFP expression when measured 4 days 
after cisplatin treatment.  The reporter system accurately categorized the relative potency of adducts produced by 6 related 
platinum-contg. drugs.  In conclusion, this reporter system can facilitate in vitro and in vivo screening for agents capable of producing 
cytotoxicity via a wide variety of different mechanisms, and can be utilized to investigate the relative potency of structurally related 
DNA adducts.
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Conclusions: 3n-But and TS inhibitors acted synergistically against colorectal cancers, independently of the genetic alterations of the 
hCRCs.  The mechanism of action of 5-FU/3n-But could be enhanced redn. of TS and prevention of thymidine salvage in DNA 
synthesis.
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 The in vivo results demonstrated a proof of the principal concept that selecting up-regulation of the proapoptosis gene 
Bax can provide the basis for a greater therapeutic efficacy to a variety of chemotherapeutic agents with different 
structures and mechanisms of action.

Overexpression of the Bax protein in human head and neck squamous cell carcinoma A253 cells was reported to result in an increased 
sensitivity to various chemotherapeutic agents in vitro.  In the present study, the relationship between Bax expression and response to 
chemotherapy was further investigated in vitro in vivo model systems.  For in vitro study, A253, A253/Vec (pcDNA3 vector 
transfectant), and A253/Bax (pcDNA3/Bax transfectant, expressing 50-fold higher Bax protein than A253 and A253/Vec) cells were 
exposed to various concns. of raltitrexed (a specific thymidylate synthase inhibitor) and SN-38 (a topoisomerase I inhibitor) for 2 h, 
and cell growth inhibition was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide clonogenic assay.  Compared to 
A253/Vec, A253/Bax cells exhibited 9.5- and 13.8-fold increases in sensitivity to raltitrexed and SN-38, resp.  For in vivo study, 
A253/Vec and A253/Bax tumor xenografts were established by s.c. injection of tumor cells into nude mice.  The antitumor activity and 
toxicity of raltitrexed (i.v. push daily for 5 days) and irinotecan (a prodrug of SN-38; i.v. push daily for 3 days) were evaluated.  The 
max. tolerated doses of raltitrexed and irinotecan were 30 and 100 mg/kg/day, resp.  At the max. tolerated doses, minimal antitumor 
activity was obsd. with raltitrexed, although irinotecan was more active than raltitrexed against A253 or A253/Vec tumors.  In contrast, 
both raltitrexed and irinotecan were more active against A253/Bax xenografts than against A253/Vec xenografts; the yield for complete 
tumor regression (cure) was 40% and 100% with raltitrexed and irinotecan, resp., with no significant toxicity.  Furthermore, the obsd. 
increase of antitumor activity in A253/Bax tumors was assocd. with an enhanced induction of apoptosis in vivo.
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 GEO tumors reached a size not compatible with normal life in all control mice within 4-6 wk and in all single agent-treated 
mice within 6-8 wk after GEO cell injection.  In contrast, 50% of mice treated with ZD-1839 plus topotecan, raltitrexed, or 
paclitaxel were still alive 10, 12, and 15 wk after cancer cell injection, resp.  These results demonstrate the antitumor 
effect of this EGFR-selective tyrosine kinase inhibitor and provide a rationale for its clin. evaluation in combination with 
cytotoxic drugs.

increase in growth inhibition was obsd. when cancer cells were treated with each cytotoxic drug and ZD-1839.  The combined treatment 
markedly enhanced apoptotic cell death induced by single-agent treatment.  ZD-1839 treatment of nude mice bearing established 
human GEO colon cancer xenografts revealed a reversible dose-dependent inhibition of tumor growth because GEO tumors resumed 
the growth rate of controls at the end of the treatment.  In contrast, the combined treatment with a cytotoxic agent, such as topotecan, 
raltitrexed, or paclitaxel, and ZD-1839 produced tumor growth arrest in all mice.  Tumors grew slowly for approx. 4-8 wk after the end of 
treatment, when they finally resumed a growth rate similar to controls.
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The cytotoxicity of LY231514 was only partially alleviated by thymidine addn. (5 μM) in GC3 human colon carcinoma cells, and 
complete protection required the addn. of both hypoxanthine (100 μM) and thymidine.  In contrast, the cytotoxic activity of tomudex 
(raltitrexed, ZD1694) was completely reversed by thymidine alone.  MCF-7 human breast and H630 human colon carcinoma cells 
selected for resistance to tomudex and 5-fluorouracil, resp. via thymidylate synthase (TS) amplification demonstrated only modest 
resistance to LY231514 compared to tomudex.  LY231514-induced cytotoxicity in these resistant cell lines was completely prevented 
by the addn. of hypoxanthine (100 μM), indicating inhibition of purine de novo biosynthesis as a secondary target for LY231514 action.  
Thymidine at physiol. levels in mouse plasma (approx. 1 μM) produced only a 2.6-fold shift in the IC50 for LY231514-mediated 
cytotoxicity in GC3/cl1 cells compared to a 128-fold shift for tomudex.  LY231514 treatment (i.p., qd ×10) significantly delayed tumor 
growth in the GC3 carcinoma xenograft model.  However, a thymidine kinase-deficient mutant of this same tumor line demonstrated 
heightened sensitivity to the in vivo antitumor activity of LY231514 with complete regression of established tumors and a large no. of 
tumor-free survivors after one course of treatment.  The data demonstrate that inhibition of thymidylate synthase is a prominent 
mechanism for antitumor activity by LY231514, but important secondary sites of action exist for this multitargeted mol.
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2500 units/kg/dose) to reduce mouse plasma thymidine, then treated with various doses of ZD1694 using the daily × 5 or i.v. × 1 
schedules in the A253 tumor model.  MPEG-TPase significantly increased the toxicity of ZD1694; the MTD of ZD1694 plus 
MPEG-TPase was reduced 3- and 10-fold compared with ZD1694 alone for i.v × 1 and daily × 5 schedules, resp.  However, 
preadministration of MPEG-TPase did not potentiate the antitumor activity of ZD1694 with either schedule.  The data indicate that the 
study of TS inhibitors in rodent models may not be suitable for predicting a safe dose for clin. study.  However, rodent models, 
particularly human tumor xenografts, are still useful models for evaluation of antitumor activity and schedule selection for TS 
inhibitors.

We studied the antitumor activity and toxicity of ZD1694 (tomudex), a specific inhibitor of thymidylate synthase (TS), in nude mice 
bearing human head and neck squamous cell carcinoma A253 and FaDu xenografts.  Mice were treated by single i.v. push (i.v. × 1), 
i.v. push once a week for 3 wk (weekly × 3), and i.v. push once a day for 5 days (daily × 5), and the max. tolerated doses (MTDs) of 
ZD1694 were 300 mg/kg, 60 mg/kg/wk, and 30 mg/kg/day, resp.  ZD1694 was moderately active against both A253 and FaDu 
xenografts.  Antitumor activity was schedule-dependent in both tumors: weekly × 3 ≥ i.v. × 1 .mchgt. daily × 5.  In contrast, the rank 
order of toxicity was daily × 5 .mchgt. weekly × 3 ≥ i.v. × 1.  ZD1694 at the MTD produced 20% complete tumor regression and 20% 
partial tumor regression (PR) with i.v. × 1 and weekly × 3 schedules and 12-day tumor growth delay with daily × 5 schedule against 
FaDu xenografts.  No complete tumor regression was achieved with ZD1694 with any schedule against A253; a 20% PR, 40% PR, and 
10-day tumor growth delay were obsd. with i.v. × 1, weekly × 3, and daily × 5 schedules, resp.  The data indicate that ZD1694 was 
slightly more effective against FaDu than against A253.  Of interest and potential clin. importance was the observation that ZD1694 
was still active at doses lower than the MTD (≥1/3 MTD), which showed a high therapeutic index and wide safety margin.  Study of 
ZD1694 compared with 5-fluorouracil and 5-fluoro-2'-deoxyuridine at the MTD revealed that the antitumor activity of ZD1694 was 
comparable with or superior to 5-fluorouracil and 5-fluoro-2'-deoxyuridine against both A253 and FaDu xenografts, with less toxicity.  
High plasma thymidine in mouse relative to human (≈1.3 μM and <0.1 μM, resp.) may complicate the study of antitumor activity and 
toxicity of TS inhibitors with human tumor xenografts grown in the mouse.  To test this hypothesis, we preadministered 
methoxypolyethyleneglycol-conjugated thymidine phosphorylase (MPEG-TPase;
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Gemcitabine (GEM)-based chemotherapy is regarded as the standard treatment of pancreatic adenocarcinoma, but yields 
a very limited disease control.  Very few studies have investigated salvage chemotherapy after failure of GEM or 
GEM-containing chemotherapy and preclinical studies attempting to widen the therapeutic armamentarium, not including 
GEM, are warranted.  MIA PaCa2, CFPAC-1 and Capan-1 pancreatic cancer cell lines were treated with GEM, fluouracil 
(5-FU), docetaxel (DCT), oxaliplatin (OXP), irinotecan (CPT-11), pemetrexed (PMX) and raltitrexed (RTX) as single agent.  
Pemetrexed, inducing apoptosis with IC50s under the Cmax in the three lines tested, appeared the most effective drug as 
single agent.  Based on these results, schedule- and concentration-dependent drug interactions (assessed using the 
combination index) of PMX/GEM, PMX/DCT and PMX-CPT-11 were evaluated.  The combinatory study clearly indicated the 
PMX and CPT-11 combination as the most active against pancreatic cancer.  To confirm the efficacy of PMX-CPT-11 
combination, we extended the study to a panel of 10 pancreatic cancer cell lines using clinically relevant concentrations 
(PMX 10 microM; CPT-11 1 microm).  In eight of 10 lines, the PMX-CPT-11 treatment significantly reduced cell recovery 
and increased both the subG1 and caspase 3/7 fraction.  After a 5-day wash out period, an increased fraction of subG1 
and caspase3/7 persisted in PMX-CPT-11-pretreated cell lines and a significant reduction in the clonogenicity capacity was 
evident.  Finally, in vivo, the PMX/CPT-11 combination showed the ability to inhibit xenograft tumours growth as 
second-line therapy after GEM treatment.  The PMX and CPT-11 combination displays a strong schedule-independent 
synergistic cytotoxic activity against pancreatic cancer, providing experimental basis for its clinical testing as salvage 
chemotherapy in pancreatic cancer patients.
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The potential of the thymidylate synthase inhibitor, Tomudex to interact with ionizing radiation was assessed in vitro and in vivo in 
comparison with 5-fluorouracil.  A concn. of 1 μM Tomudex decreased the shoulder of the radiation survival curves for normally 
oxygenated and hypoxic human HT-29 colon carcinoma cells and human SCC-25 head and neck squamous carcinoma cells, resulting 
in enhancement ratios of 10 and 2.8 for normally oxygenated and hypoxic HT-29 cells at 5 Gy, resp., and enhancement ratios of 19.5 
and 2.7 for normally oxygenated and hypoxic SCC-25 cell at 5 Gy, resp.  Two schedules of Tomudex administered to animals bearing 
the Lewis lung carcinoma resulted in additive tumor growth delay with the fractionated radiation therapy.  In nude mice bearing the 
HT-29 colon carcinoma grown as a xenograft, administration of Tomudex daily for 5 days on a 1 or 2-wk schedule resulted in increased 
tumor growth delay along with fractionated radiation therapy on the same schedules.  However, administration of Tomudex 
intermittently on a 2-wk schedule appeared to be more interactive with daily fractionated radiation therapy on the 2-wk schedule.  In 
each assay, the results obtained with Tomudex were equal to or exceeded those obtained with 5-fluorouracil.  These findings indicate 
that clin. trial of Tomudex along with fractionated radiation therapy is warranted.
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BACKGROUND AND METHODS: We have studied the influence of raltitrexed, a specific thymidylate synthase (TS) 
inhibitor, on dihydropyrimidine dehydrogenase (DPD) activity in cultured cancer cells and in transplanted tumors in nude 
mice.  Further, we investigated the combined effect of raltirexed and 5-fluorouracil (5-FU) on the in vitro anti-tumor effect 
and its correlation to the DPD activity and mRNA level.  RESULTS: By raltitrexed treatment, the DPD activity and 
mRNA level were increased in HuTu-80 small intestine carcinoma cells, and in its transplanted tumors.  On the other hand, 
raltitrexed showed no influence on DPD activity in MIAPaCa2 pancreatic carcinoma cells.  In the study of cell growth 
activity, the results showed that in MIAPaCa2, the Combination Index (CI) was 0.57 +/- 0.03, representing a synergistic 
effect, while in HuTu-80, the CI was 1.26 +/- 0.09, representing an antagonistic effect.  CONCLUSION: Raltitrexed may 
up-regulate DPD activity in tumor cells, resulting in antagonism when combined with 5-FU.
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Answer 13:

The antitumour effect of thymidylate synthase inhibitors such as raltitrexed (RTX) may be reversed by salvage of 
thymidine (Thd).  Since thymidine phosphorylase (TP) depletes Thd, the potential for tumour-selective depletion of Thd 
using antibody-mediated delivery of TP to tumours was investigated.  In vitro studies demonstrated that 25 x 10(-3) 
units/ml TP depleted extracellular Thd (3 microM) and restored sensitivity to the growth inhibitory effects of RTX in Lovo 
and HT29 cell lines.  Thymidine concentrations in xenograft tumours were inversely proportional to the activity of TP in 
the tumour, and the presence of a subcutaneous Lovo xenograft reduced plasma Thd concentrations from 0.92 +/- 0.07 to 
0.37 +/- 0.04 microM.  Intravenous administration of native TP enzyme depleted plasma Thd to 5 nM, but following rapid 
elimination of TP, plasma Thd returned to pretreatment values.  There was no effect on tumour TP or Thd.  Conjugation of 
TP to the A5B7 F(ab)2 antibody fragment, which targets carcinoembryonic antigen (CEA) expressed on colorectal 
cell-lines such as Lovo, did result in selective accumulation of TP in the tumour.  However, there was no tumour-selective 
depletion of Thd and there did not appear to be any potential benefit of combining antibody-targeted TP with RTX.
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Four new cell lines were established from the primary tumors of patients with untreated colorectal adenocarcinoma.  Drug 
sensitivity and characterization of these cell lines was performed.  Three of the four cell lines formed colonies in soft agar 
and all were tumorigenic in nude mice.  The cell lines were morphologically similar but had differences in growth 
characteristics.  Two of the cell lines, C18 (CCCL-4) and C29 (CCCL-6), had a longer doubling time compared with C85 
(CCCL-1) and C86 (CCCL-2).  The C18 and C29 cell lines had chromosome 17 abnormalities and evidence by 
immunohistochemistry of a mutant p53 and had decreased levels of thymidylate synthase and dihydrofolate reductase 
proteins, associated with decreased thymidylate synthase catalytic activity in C18 and no detectable activity in C29.  
Raltitrexed and GW1843U89 showed potent cytotoxic activity and all four cell lines displayed similar cytotoxicity to these 
folate thymidylate synthase inhibitors.  The C18 and C29 cell lines were in general resistant to the other agents tested 
(methotrexate, 5-fluorouracil, nolatrexed) when compared with the C85 and C86 cell lines.  These new cell lines may be 
useful for the study of colorectal adenocarcinoma and for evaluating new drugs or treatment schedules.
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